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Introduction

Since 1976, personnel at the Los Alamos Scientific
Laboratory (LASL) have been studying the use of adap-
tive and optimal control technijues in solar heated and
cooled buildings. This study has led to the develop-
ment or a specific systems approach designated as adap-
tive optimal conirol (AOC). In this study, theoretical
and computer simulation studies using the AOC concept
indicate that substantial energy savings can be real-
ized. As the AOC concept has been refined, it has en-
joyed incireased confidence in its ability to improve
energy conservation and system performance. Various
stages of development have produced simuiations with
substantial auxiliary (back-up) energy savings over the
conventional controller simulation for the system,
Other exper iments in optimizing the control strategies
in the solar heated and cooled Los Alamos National
Sccurity and Resources Study Center (NSRSC) demonstrate
emphatfcally that a considerable amount of energy can
be saved by modifying convertional control iardware,
and most importantly, by reviewing the contraol function
from a system Jevel,

Simulation Hodel

The NSRSC at LASU provides the basis for a general
mode! used in ti;is simulation. The NSRSC is a 59,000
ftZ Yibrary and conference facility. It has both so-
lar heating and cooling systems, but only the healing
system §s discussed here,

A simylified model of the solar heating system for
the building 's used, A schematic fo- the system is
shown in Tig. 1. The system madel contains a solar

coiloctor, a collector coolant loop, and 4 one-aode
storage tank.
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Fig. L. Solar heating systems model,
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Auxiliary energy 1is provided by a steam-to-water
heat exchanger, and the stcam is supplied by a central
stcam plant. The hot water flows through coils in the
a’'r duct to heat the air flowing over them, The heaied
space in the building is represented by a single en-
closure. The air-handling system provides air movement
and a capability for recirculation of some of the par-
tially conditioned air and introduces fresh air as ap-
propriate,

Solution Technique

The AOC technique can be explained with the system
btock diagram of Fig. 2. The building (plant) repre-
sents the noniinear dynamics of the building and entire
heating, v~nti{lating, and air-conditioning (HVAC) sys-
tem. As control and execgenous disturbances (e.g., out-
side tcmperature; are applied in time, the dynamic
building recponds and the state of wn: brilding re-
sults. The applied control, the exogenous inputis, and
vhe building state are measured as functions of time,
These measu ed values are then used by the mode! i{den-
tification vlock to estimate the paramecters for a lin-
earized system using a sequential least squares ap-
proach  This linearized system is valid only in a re-
gionh asoul the operating point, so a subsequent estima-
tion of the parameters will be needed when the opera-
tirg point changes significantly.
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Fig, 2. Systzm block diagram,

The lnecarized system parameters are then used by
the optimal control computation block to determine the
control paramelers,  The optimal control computation
uses a linear regulator solution whosd performance in-
dex terms (nclude deviations of room temperature from
a sel point and use of auxiliary enerqy,  Because some
of the tradecff parameters in the performance index may
chanye with successive optimizacion computationy (e,q.,
the performance penalty for room temperature deviatfony
might be relaxed at night), optimization data arp sup-
plied by the supervisor hlock,  The superviser also
provides a channel for the human building operator to
tomunicate data to the system,

The optimal control computation produces the con-
trol parameters (gains, oftwols) that ase used by the
controllor to implement the elosed-loop control.  Ihe
bullding then operates with this optimal control for a
perimd of time that wauld probably not exceed 14 min,
and the process of model fdentification, optimal con-
trol computation, and controller implementation repeats



itself The AOC sysiem {s thus updated or adapted to
remain optimal as the system undergoes changes of vari-
ous forrms,

Simulation Results

This investigation of the use cf adaptive control
concepts began with the definition of the HVAC system
model to be used for simulation studies. Building op-
eration was simulated under control o/ a conventional
controller that embodies current strategies and under
control of an AOC controller, and system performances
were compared. Both controllers maintained the room
temperature quite well. The AOC concroller, however,
did so with significantly less auxiliary energy. De-
pending on simulation conditions the AOC auxiliary en-
ergy savings over the conventional controller were as
high as 51% for a Z-day simulation and 95% for a month-
long simulatioen, :

It must be remembered that these are savings in
auxiliary, or back-up, energy that. is usei when the so-
lar energy system cannot meet the heating o~ air-condi-
tioning demands alone. When comparing controllers as
we have, a claim of 100% savings 1in auxiliary energy
means that the claiming controller is able to operate
the solar energy system to meet the heating demand
without any back-up.

The question of how the AOC controller is able to
achieve these savings in auxiliary energy remains. The
answer {s that the AOC controller provides better man-
agement of the available sources of energy, In the
2-day simulation that saved 51X of the auxiliary un-
ergy, the weather was sunny and very cold; and the AOC
controller operated the storage tank at a lower tempor-
ature, This improved utilization of solar energy, and
as a cserendipitous benefitl, it made collection of solar
energy more efficient, in the month-long simulation
the weather varied, but was generally milder, One as-
pect of the AOC controller's management of the building
here is that the air-handling system was controlled to

exhaust much less heated alr to the outside, To 11lus-
trate, the AOC controller exhausted about 2,500,000
fewer Btu Lhan the conventional controller, The reduc-

tion in auxiliary energy use was aboul 1,260,000 Btu
and the reduction in solar courgy use was about
1,270,000 B,

The complexity of large solar HVAC systems gener-
ates many sets of conditions for the controller to han-
dle. The best operating strategies are not completely
understood and, perhaps more important, they vary from
one set of conditions to another as the above simula-
tions indicate. The AOC technique has tha power to ex-
amine those conditions on a regular basis (several
times each hour), determine the best strategy at the
moment, and implement the control automatically.

Implementation

Implementation has been studied,[1] and it is felt
t.at the AOC techniques can be implemented as a proto-
type with hardware similar in capability to mini-
computer-based building energy-management system like
those commercially available. It is further felt that
commercial AOC products may be realized with micro-
processors anu offer an attractive pay-back period.

Plans have been mace for implementation of a pro-
totype AOC system in the NSRSC at LASL, and funding for
the implementation is being investigated.
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